Abstract The selected robust fungus, Aspergillus oryzae strain BCC7051 is of interest for biotechnological production of lipid-derived products due to its capability to accumulate high amount of intracellular lipids using various sugars and agro-industrial substrates. Here, we report the genome sequence of the oleaginous A. oryzae BCC7051. The obtained reads were de novo assembled into 25 scaffolds spanning of 38,550,958 bps with predicted 11,456 protein-coding genes. By synteny mapping, a large rearrangement was found in two scaffolds of A. oryzae BCC7051 as compared to the reference RIB40 strain. The genetic relationship between BCC7051 and other strains of A. oryzae in terms of aflatoxin production was investigated, indicating that the A. oryzae BCC7051 was categorized into group 2 nonaflatoxin-producing strain. Moreover, a comparative analysis of the structural genes focusing on the involvement in lipid metabolism among oleaginous yeast and fungi revealed the presence of multiple isoforms of metabolic enzymes responsible for fatty acid synthesis in BCC7051. The alternative routes of acetyl-CoA generation as oleaginous features and malate/ citrate/pyruvate shuttle were also identified in this A. oryzae strain. The genome sequence generated in this work is a dedicated resource for expanding genome-wide study of microbial lipids at systems level, and developing the fungal-based platform for production of diversified lipids with commercial relevance.
Introduction
A paradigm shift of lipid biotechnology is undoubtedly driven by dramatic increase in global demand of oils and lipid-based products in various industrial sectors, including energy, feed, food, health-and personal-care products, and oleochemicals. Microbial lipids or single cell oils offer a potential solution for bio-based economy as alternatives to the traditional sources. Some microorganisms have been identified as oleaginous strains, which are able to accumulate lipid over 20% of their biomass. Of them, particular strains accumulate up to 70% (w/w) lipid of biomass when cultivated under nutrient-limited condition [31] . Moreover, discrimination in intracellular lipid contents is commonly found even in the same species. Many attempts have been made to investigate biochemical events involved in lipogenesis or oleaginicity in such microorganisms [1, 45, 46] . However, information and knowledge regarding the overall metabolic process inherent to oleaginicity and relevant genetic background of the oleaginous strains remain somewhat unclear.
Aspergillus oryzae is an industrially important fungus, which has long been exploited in production of a wide range of metabolites, such as enzymes, bioactive compounds, and fermented foods. Moreover, it is considered to be one of the oleaginous strains due to its capability in production of high lipid content and the presence of ortholog oleaginous genes [27, 45] . Very recently, a set of A. oryzae strains was screened using a semi-synthetic medium [33] , showing a variation in their lipid contents. As such, we selected ones based on their growth performances, particularly in growth rate, substrate utilization, and lipid production. Of these, the oleaginous strain, Aspergillus oryzae BCC7051 was of particular interest. It could efficiently utilize a broad range of substrates/materials (i.e. glycerol, xylose, glucose, and lignocellulosic sugars) for production of high biomass and lipid titers. Accordingly, this robust strain is considered as a potentially effective and ecologically friendly platform organism for production of specialty and commodity lipid-derived compounds. To exploit this fungal strain as a promising host for manufacturing functional lipids with industrial interest, it is better to gain more insight into whole genome data for genetic and physiological manipulations. In addition, the applicable status of the candidate strain for industrial use should be taken into account. In this study, we performed genome sequencing of A. oryzae BCC7051, and characterized its genome feature and metabolic genes in the contexts of fatty acid and lipid metabolisms and evolutionary relationship of aflatoxin biosynthesis. This genomic data would allow further integrative omics analysis at systems level for rational bioprocess development.
Materials and Methods

Fungal Strain and Cultivation
Aspergillus oryzae strain BCC7051, which has been deposited in BIOTEC Culture Collection (BCC), National Center for Genetic Engineering and Biotechnology (BIO-TEC), was used as a source of genomic DNA in this study. The oleaginous fungus was grown in a semi-synthetic medium [33] at 30°C to logarithmic phase (about 16-h cultivation time). The mycelia were harvested by filtration and further used for genomic DNA extraction.
Genomic DNA Preparation
Genomic DNA was extracted by using the QIAGEN Genomic-tip 500/G kit (QIAGEN, Netherlands). The concentration and quality of the extracted genomic DNA were determined by spectrophotometer using Eppendorf Biophotometer D30 (lCuvette G1.0).
Genome Sequencing, Assembly, and Annotation
Genome sequencing was performed using PacBio RS system (Pacific Biosciences). The fungal sequences were assembled by Hierarchical Genome Assembly Process (HGAP) workflow in a SMRT portal. Gene prediction was done using AUGUSTUS version 2.7 [26] . COG (Clusters of Orthologous Groups) analysis was used for functional annotation. Then, the predicted genes were classified into COG categories by BLASTP searching against protein sequences in the KOG (eukaryotic orthologous groups) set as described previously [40] . The genes in each category were screened with the bit score of 60 or higher [23] .
Synteny Mapping
Syntenic relationship between BCC7051 and RIB40 (a reference) genomes of A. oryzae was analyzed using SyMAP v4.2 (Synteny Mapping and Analysis Program) [35] . Genomic sequences were first aligned using NUC-MER/MUMmer [18] with default parameter settings. Raw anchors resulting from MUMmer were clustered into (putative) gene anchors, filtered using the optional gene annotation, and then used as inputs to the synteny algorithm, which was designed to discover duplicated regions and form larger-scale synteny blocks. The dynamic programming was employed to generate chains of anchors; hence the synteny blocks shared between the two genomes were detected. After the alignment completed, gene descriptive information and other relevant features of the A. oryzae BCC7051 draft genome were imported into SyMAP as GFFs (General Feature Files).
Phylogenetic Analysis of Fatty Acid Synthases
Multiple alignments of the amino acid sequences of fatty acid synthases (FASs) were performed and then subjected for calculating genetic distance by using the MUSCLE program [8] with default parameter settings of the MEGA5 (Molecular Evolutionary Genetic Analysis) software program [39] . The evolutionary tree was constructed using the maximum-likelihood method based on the Whelan And Goldman (WAG) model, in which a discrete Gamma distribution (?G) with five rate categories under the assumption that a certain fraction of sites are evolutionarily invariable (?I), was implicated. These sites were selected as the best-fit substitution model of sequence evolution. In addition, all positions containing gaps and missing data were eliminated from the dataset (complete deletion option). The confidence intervals of the phylogenetic trees were tested using bootstrap statistical method [10] with 1000 resampling iterations, in which the initial trees were automatically obtained.
Identification of Functional Domains of Oleaginous Enzymes
The functional domains of the proteins were identified by comparing amino acid sequences between the metabolic enzymes of interest and the public collections of conserved domains using CDD (the Conserved Domain Database at NCBI) [25] , for which the contents were obtained from Pfam [11] , SMART [22] , the COGs collection [14] , TIGRFAMS [15] and NCBI's in-house data curation effort [24] . The functional regions of query proteins were searched against the databases with the default setting of E-value 0.01. The search results were displayed as conserved domains and domain architectures in protein sequences.
Aflatoxin Determination
The mycelial culture of A. oryzae was subjected for aflatoxin measurement using a service of SGS (Thailand) Limited.
Nucleotide Sequence Accession Number
This Whole Genome Shotgun project has been deposited at DDBJ/ENA/GenBank under the accession MKZY00000000. The version described in this paper is version MKZY01000000.
Results
Genome Feature of Aspergillus oryzae BCC7051
Sequencing of the A. oryzae BCC7051 genome produced 6,258,172,664 total bases. A data set of 463,857 reads was assembled, generating 25 scaffolds with an N50 of 4.2 Mbp (Table 1) . With an average coverage of 1629, a 38.55 Mb genome of A. oryzae BCC7051 with the GC content of 47.21% was obtained. Using AUGUSTUS version 2.7 [36] , a number of 11,456 gene models coding for proteins were predicted and annotated. This number was comparable to that of the closely related strain, A. oryzae RIB40 (12,074 genes). It was observed that the genome of A. oryzae BCC7051 was larger than that of the other strains of A. oryzae, which have been sequenced previously ( Table 2) . Functional category of putative protein-coding genes in A. oryzae BCC7051 is shown in Table 3 .
Genome Synteny and Chromosomal Rearrangement
The first complete genome of A. oryzae strain RIB40 was used as a reference for a whole genome alignment in this study, because most of its sequences were arranged into full chromosomes. Twelve largest scaffolds of A. oryzae BCC705 representing 98% of the sequenced genome were aligned to 8 chromosomes of A. oryzae RIB40 [17, 23] . The alignment result generated 97 and 98% of syntenic coverage in A. oryzae BCC7051 and RIB40, respectively. A total of 19 syntenic blocks with a range of 96% of genes was identified. The genome alignment visualization created by SyMAP revealed that a large rearrangement occurred between non-homologous regions of OAory_C04 and OAory_C09 scaffolds of A. oryzae BCC7051 (Fig. 1) , corresponding to the chromosome 2 and 6 of A. oryzae RIB40. The reciprocal chromosomal translocation is illustrated in Fig. 1 .
Comparative Mapping of Homologous Aflatoxin Gene Cluster in Aspergillus oryzae Strains
Based on sequence homology analysis, the partial sequence of homologous aflatoxin gene cluster was presented at the Gene with a predicted function 7858
KEGG annotated 6138
Pfam annotated 8291
Genome Characterization of Oleaginous Aspergillus oryzae BCC7051: A Potential Fungal-Based… 59 large scaffold, OAory_C00 of A. oryzae BCC7051. The putative cluster spanning on 37-kb DNA region contained 13 homologous genes involved in aflatoxin formation. When compared to the complete sequence of aflatoxin biosynthetic gene cluster of Aspergillus flavus AF36 (AY510455), a large truncation was observed in the putative gene cluster of A. oryzae BCC7051 as shown in Fig. 2 . The possible breakpoint of the truncated region in A. oryzae BCC7051 was located near the start codon of the homologous ver-1 gene, which is nearly identical to that of group 2 nonaflatoxin-producing A. oryzae [20, 21] and A. flavus pattern E [5] . The deletion caused a lack of positive transcriptional regulatory genes (aflR, aflJ), which involve in conversion of initial substrates (i.e., acetate) into stable precursors for aflatoxin formation, including norsolorinic acid (fas-1, fas-2), and averantin (nor-1, norA) [2, 4, 16, 41, 46] . Further, we measured aflatoxin in the mycelial culture of A. oryzae BCC7051, and the result showed that it did not produce any aflatoxin compounds. Indeed, we categorized the BCC7051 strain into the group 2 nonaflatoxin-producing Aspergilli.
Comparative analysis of the homologous aflatoxin gene clusters among A. oryzae genomes ( Table 2 ) was done. The sequences of complete aflatoxin gene clusters were observed in five A. oryzae strains as shown in Fig. 2 , which thus were considered as group 1 nonaflatoxin-producing strains of A. oryzae [20, 21] . The results also revealed that the gene order and the direction of each gene in the aflatoxin biosynthetic gene clusters of this group is the same as those of previously characterized cluster of A. flavus AF36 (AY510455). Nevertheless, it has been reported that the genes in the aflatoxin homologous cluster of A. oryzae RIB40 are not function [16, 19] , and the aflatoxin production was undetectable [16, 41] . Possibly, the other strains in group 1 like RIB40, which were differentiated from a common ancestor, were assumed to loss of the function. However, A. oryzae RIB326 is classified into group 3 nonaflatoxin-producing strain as the finding of a large deletion with more than half of the aflatoxin homologous gene cluster on upstream of vbs gene as shown in Fig. 2 . This result is similar to the previous report of A. oryzae RIB326 incapable of aflatoxin production [20, 21] .
Cataloging the Putative Metabolic Genes Involved in Fatty Acid and Lipid Metabolisms through Comparative Sequence Analysis
Of 11,456 predicted genes, we identified 304 genes involved in lipid metabolism and transport categorized using KOG classification (Table 3 ). In terms of oleaginous features, the genes relevant to lipid phenotype and oleaginicity were further characterized, including the generation of acetyl-CoA, fatty acid synthesis and modification (desaturation and elongation), lipid degradation (fatty acid b-oxidation), and citrate/malate/pyruvate shuttle. Using available genomic information of A. oryzae RIB40 and other oleaginous yeast and fungi, 14 orthologous genes encoding the enzymes in the metabolic routes of acetylCoA generation were identified in BCC7051 strain, such as ATP-citrate lyase (ACL; acetyl-CoA generation process), acyl-CoA dehydrogenase (fatty acid b-oxidation), isovaleryl-CoA dehydrogenase (leucine degradation), and glutaryl-CoA dehydrogenase (lysine degradation). These orthologous genes were also found in the genomes of lipidproducing strains, including Pseudozyma antarctica, Rhodosporidium toruloides, Yarrowia lipolytica, Mucor circinelloides, Mortierella alpina, and Rhizopus oryzae. Noticeably, these individual oleaginous enzyme sequences found in A. oryzae BCC7051 exhibited high degrees of overall sequence identities ([96%) with those corresponding sequences of A. oryzae RIB40 at the protein level. In addition, these individual sequences of BCC7051 contained conserved catalytic domains as compared to those of the reference and the oleaginous strains. For example, the existence of ACL sequence in BCC7051 genome is consistent with the previous reports in several oleaginous yeast and fungi, such as P. antarctica [28] , R. toruloides [49] , Umbelopsis isabellina [37] , M. alpina [43] , Y. lipolytica, R. oryzae, A. oryzae, and M. circinelloides [44] . The finding of the conserved ACL sequence indicates a genotypic characteristic of oleaginous strains, as its involvement in main supply of acetyl-CoA pool for lipid synthesis via cleavage of citrate [32] .
In addition to the catalytic enzymes, the genes encoding translocating proteins, including citrate transporter, malate transporter, and tricarboxylate carrier protein, which have been documented to play important role in lipid accumulation [48] , were also found in BCC7051 genome (Table 4) . Sequence homology analysis of amino acid sequences between A. oryzae BCC7051 and M. circinelloides CBS 277.49 genomic data showed that two homologous genes of BCC7051 (OAory_01102670 and OAory_01113790) shared similarities at 64% to the malate transporter of M. circinelloides (180302), which is required for carrying cytosolic malate into mitochondria. In addition, we found two homologous sequences, OAory_01005310 and OAory_01063540, which shared similarity at 67 and 62% to the M. circinelloides genes coding for tricarboxylate carrier protein (transporting malate and citrate), respectively. However, a homologous genes (OAory_01058710) coding for citrate transporter was presented. The citrate transporter participates in moving citrate from mitochondria into cytosol. This C6 metabolite is then supplied as a precursor for generating acetyl-CoA and oxaloacetate (Fig. 3) by the function of ACL in cytosol.
For fatty acid biosynthesis, FAS is a well-known enzyme, which catalyzes the iterative reactions generating saturated fatty acid, typically palmitic acid (C16:0), from [38, 42] , we identified four predicted genes encoding a subunits, and another four genes encoding b subunits of FAS in A. oryzae BCC7051, whereas ten FAS genes have been reported for A. oryzae RIB40 [38] . Among them, OAory_01072760 and OAory_01072770 might be ubiquitous enzymes for fatty acid biosynthesis in A. oryzae BCC7051 according to the result of homology analysis. They had highest homologies at amino acid sequence level to the FAS genes of Saccharomyces cerevisiae and A. oryzae RIB40, which were experimentally characterized for over-expression studies, yielding the increased fatty acid contents [34, 38] . BLASTP analysis revealed that OAory_01072770 and OAory_01072760 shared high similarities at 63 and 56% to YPL231 W and YKL182 W of S.
cerevisiae, and at 100 and 99% to AO090124000083 and AO090124000084 of A. oryzae RIB40, respectively. Additionally, the phylogenetic trees were constructed for individual isoforms of candidate sequences of alpha and beta subunits of FASs of A. oryzae and S. cerevisiae, which might display different roles in biosynthesis of primary and secondary metabolites, and unknown function as shown in Fig. 4a . The consensus tree measured by bootstrap analysis of 1000 replicates of random sequences showed that the alpha subunit (OAory_01072760) and beta subunit (OAory_01072770) were grouped into FASs of S. cerevisiae and A. oryzae RIB40. Obviously, these subunit sequences (OAory_01072760 and OAory_01072770) of A. oryzae BCC7051 contained the same catalytic domains in an identical sequential order as those of S. cerevisiae (Fig. 4b) . As such, the data taken from the comparative analysis of the closely related A. oryzae, S. cerevisiae, and other fungal strains could summarize that OAory_01072760 and OAory_01072770 are orthologs of FAS alpha and beta subunits, respectively. For additional alpha subunits, we found that two of the three alpha subunits, OAory_01039620 and OAory_01087550 did not contain acyl carrier protein (ACP) and phosphopantetheinyl transferase (PPT) domains, respectively, which led to the sequence lengths shorter than the common length (about 600 bp) as shown in Fig. 4b . The phylogenetic analysis also indicated that these additional homologous genes were distinct from the essential FAS genes (OAory_01072760/OAory_01072770). By sequence comparison, notably FAS alpha and beta subunits of some oleaginous yeast and fungi, namely R. toruloides, M. circinelloides, and R. oryzae were found to be encoded by single FAS gene sequences, which have not been experimentally characterized.
For fatty acid modification, the sequences encoding fatty acid desaturase enzymes catalyzing the formation of Fig. 4 Comparative analysis of fatty acid synthase sequences. Left and right panels indicate FAS beta and alpha subunits, respectively. a The phylogenetic trees of the FAS enzymes of S. cerevisiae, A. oryzae RIB40 and A. oryzae BCC7051 generated by maximumlikelihood analysis. The numbers over the nodes represent bootstrap coefficient calculated from 1000 replicates. b Catalytic domain organization of FASs of S. cerevisiae (Sce), Y. lipolytica CLIB122 (Yli) A. oryzae RIB40 (AorR), A. oryzae BCC7051 (AorB) and M. alpina ATCC32222 (Mal). AT acetyl transferase, ER enoyl reductase, DH dehydratase, MPT malonyl/palmitoyl transferase, ACP acyl carrier protein, KR ketoacyl reductase, KS ketoacyl synthase, PPT phosphopantetheinyl transferase. The domains are not drawn to scale unsaturated fatty acids were identified in A. oryzae BCC7051 using sequence similarity search to the orthologs of S. cerevisiae, A. oryzae RIB40 and other oleaginous microbes. These included three delta-9 fatty acid desaturases specific for saturated fatty acid substrates, a delta-12 fatty acid desaturase specific for monounsaturated fatty acids and four unspecified fatty acid desaturases. The existence of these fatty acid desaturase genes is in agreement with its fatty acid profile, consisting of monounsaturated fatty acids (palmitoleic acid, C16:1D 9 and oleic acid, C18:1D 9 ) and polyunsaturated fatty acids, (linoleic acid, C18:2D 9,12 and a-linolenic acid, C18:3D 9, 12, 15 ). In addition, three fatty acid elongase genes (ELO1, ELO2, and ELO3) encoding the enzymes responsible for extending fatty acyl chains were presented in A. oryzae BCC7051. Six genes encoding acyl-CoA synthetase and a gene encoding acyl-CoA thioesterase were also existed. The details of functional roles of these enzymes in fatty acid synthesis and modification are summarized in Table 4 .
Discussion
A. oryzae serves as a model filamentous fungus for scientific research in both fundamental and applied aspects. The strain RIB40, which is the first genome of A. oryzae released publicly, was used as a reference for investigating metabolic genes in this study. A good quality of the genome sequences indicated by large scaffolds and assembled genome of A. oryzae BCC7051 facilitated the sequence analysis in several contexts. Overall, the features of A. oryzae BCC7051 were genetically similar to those of the reference strain, many of which were also identical. Nevertheless, the differences in genome sequence structure and number of genes sequences coding for multiple isoforms of enzymes involved in fatty acid biosynthesis were found. An occurrence of sequence reshuffling in some scaffolds found in A. oryzae BCC7051 might be derived through chromosomal translocation event, which has been reported to be an adaptive mechanism to certain environmental conditions, thus facilitating speciation process [6, 9, 12, 13] . This similar fashion has been also reported for several strains of Saccharomyces, leading to the altered expression of specific genes and maximum specific growth rate [7, 29] . Moreover, the chromosome rearrangement in BCC7051 strain provides evidence for changes in gene order and orientation along the chromosomes. The inverted orientation in the metabolic or transporter genes of BCC7051 strain (Fig. 1c ) might affect their regulatory or metabolic processes in the fungal cell. It is noteworthy that this translocation event in terms of molecular evolution and functional significance should be further addressed in comparison to other A. oryzae strains.
Among Aspergilli, A. flavus and A. oryzae are closely related species of the filamentous fungi. A significant difference in the both fungi is that A. flavus strains generally produce aflatoxins, whereas A. oryzae strains do not produce such carcinogenic compounds. Nevertheless, the homologous sequences of aflatoxin gene cluster are existed in A. oryzae genomes. Actually, nonaflatoxin-producing A. oryzae strains are classified into 3 groups according to the primary sequence structures of aflatoxin-producing gene homologous cluster [20] . The group 1 strains contain intact sequences of the homologous cluster with some deficient genes, whereas the truncated sequences of the homologous cluster belong to group 2 and 3 strains. In our work, diversity in terms of number of genes and length of truncated region in aflatoxin biosynthesis gene cluster of A. oryzae genomes studied could be used to distinguish the BCC7051 strain from the others. Notably, the oleaginous strain BCC7051 is the first representative in group 2 nonaflatoxin-producing fungi that the whole genome was sequenced. In addition to the aflatoxin, the production of other mycotoxins in this fungus should be further investigated to become regarded as safe, particularly in production of functional lipids with high value for nutraceutical, food and feed applications. The genotypic features gathering from the genome analysis also elaborate a new puzzle in the evolutionary study of A. oryzae strains and other Aspergilli. This would be consequently dissected by increasing number of available genome sequences of Aspergilli and cutting-edge technologies.
A remarkable high lipid content in the BCC 7051 strain compared to other A. oryzae strains was somewhat unclarified by its genome information. Even though almost oleaginous genotypes of BCC7051 was not much different to those of the reference and other oleaginous strains [44] , it seems likely that the variation in number of isoforms of encoded enzymes existed might play survival roles in certain growth conditions. The finding of orthologous genes involved in alternative routes of acetyl-CoA generation [44] and a full set of genes coding for transporters in citrate/malate/pyruvate shuttle refers a sufficient provision of the precursor pools for fatty acid over-production by this strain. Possibly, these transporter proteins might facilitate the transport of such metabolites across the mitochondrial membrane through citrate/malate/pyruvate shuttle for supplying the precursor (acetyl-CoA) and reducing power (NADPH) for fatty acid synthesis in cytosol (Fig. 3) as previous reports [30, 47, 48] . Although the citrate/malate/ pyruvate shuttle appears to be universal in eukaryotic organisms, the exact metabolic network of this shuttle is species-specific. The citrate and malate transporters have been identified in M. circinelloides, but is absent in Mortierella alpina [43, 47] . However, the functional mechanism of this shuttle underlying lipid accumulation in oleaginous fungi remains ambiguous even though some experimental studies showing their vital roles in the lipid accumulation process [48] .
We also postulate that the presence of other orthologous oleaginous enzymes distributed in several metabolisms might corporate together towards the lipid biosynthesis, which might be through coordinated regulation of multiple gene expressions in response to surrounding environments or altered metabolisms in individual growth stages. Besides the main fatty acid biosynthesis, our particular interest is also given to putative FAS-like sequences identified by sequence homology. The catalytic domains and their sequential orders in the open reading frame (ORF) were considered in conjunction with phylogenetic analysis. The dissimilar domain organization was found in OAory_01039620 and OAory_01087550, which ACP and PPT domains were absent, indicating that these are functionally distinct from the known ubiquitous FAS genes responsible for fatty acid biosynthesis. The unusual FASlike sequences might originate through duplication and translocation events of the FAS genes at some points in the evolution of A. oryzae, which is consistent with the previous study [38] . Possibly, they may play a role in concert of the biosynthesis of secondary metabolites through the activity of multifunctional polypeptides as the previous report [3] . Genetic and biochemical analysis of secondary metabolites would address the structure-function relationship of such FAS homologous sequences.
A certain degree of flexibility in production of targeted lipids also relies on host for heterologous expression of the gene/pathway of interest. From the industrial viewpoint, not only for the lipid titer, the economic criteria should be integrated into the development of promising production system, such as efficient conversion of raw materials derived from sustainable sources to the targeted product, and downstream processing to ensure viable production. Filament growth facilitates cell harvesting and disruption processes with simple equipment for lipid extraction. Although this robust strain representing a more profitable alternative towards the production of microbial lipids, the integrated omics study (transcriptomic, proteomic and lipidomic analyses) should be devoted to pursue the obese phenotype on various substrates and also assist the establishment of a fungal-based platform for costeffective production of diversified lipids by industrial biotechnology.
In conclusion, the genome sequence of A. oryzae BCC7051 provides molecular basis conferring overall metabolic process that could facilitate its implication for systematic improvement of the lipid production through translational research using the emerging CRISPR geneediting toolbox, bioprocess engineering and integration.
